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論 文 内 容 の 要 旨 
 
The  cancer  s tem ce l l  (CSC)  model  sugges ts  tha t  a  smal l  subpopula t ion  of  cancer  
ce l ls  possesses  the  ab i l i ty to  se l f -renew and  g ive  r i se  to  mal ignan t  p rogeny tha t  d r ive 
cancer  p rogress ion .  Recen t  reports  have a lso  p roposed the ex is tence o f  ce r ta in  ex tra - 
o r  in t race l lu lar  s igna ls  tha t  a l low cancer  progen i to rs  to  dynamica l ly rever t  to  a  
s tem-ce l l  s ta te .  However ,  the  mechanisms  under lying  cancer  cel l  p las t ic i ty and  CSC 
expans ion  a re  no t  en t i re ly c lea r .  P revious  s tud ies  us ing  a  hya luronan  syn thase 2  
(Has2)  t ransgen ic  mouse  model  demons t ra ted tha t  hya luronan overproduc t ion caused 
rap id  development  o f  aggress ive b reas t  carc inoma a t  a  h igh inc idence .  In  Chapte r  I ,  i t  
was  hypothes ized  tha t  hya luronan  overproduct ion  may acce le ra te  cancer  p rogress ion 
by expanding CSC subpopula t ions dur ing cancer  deve lopment .  P r imary cancer  ce l ls  
were  es tab l ished  f rom mammary tumors  developed  in  the  t ransgen ic  mice and 
sub jec ted to  the  Hoechs t  33342 dye  exc lus ion assay to  sor t  s ide  popula t ion  (SP) f rom 
non-s ide popula t ion  (non-SP) ce l ls .  Flow cytometr ic  ana lys is  demons t ra ted the  
enr ichment  o f  CD44high /CD24low CSC-l ike ce l l s  in  the  SP  f rac t ion of  hya luronan 
overproduc ing cancer  ce l ls .  Th is  subpopula t ion exh ib i ted several  charac ter i s t ics  tha t  
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were s imi la r  to  CSCs,  inc lud ing cancer - in i t ia t ing and mammosphere-forming ab i l i t ies .  
Excess  hya luronan produc t ion drove  the  ep i the l ia l - to -mesenchymal  t ransi t ion (EMT) 
process  def ined  as  the  loss  of  ep i the l ia l  phenotypes ,  up-regu la t ion of  t ransforming 
growth  fac to r  be ta  (TGF-β) ,  and  induc t ion  of  the  EMT -re la ted t ranscr ip t iona l  fac to rs  
Sna i l  and Twist .  Inh ib i t ion  of  TGF-β -Sna i l  s igna l ing or  s i lencing of  Twis t  express ion 
abrogated  the  ent rance in to  a  s tem-ce l l  s ta te .  Taken  toge ther ,  these  resu l ts  suggest  
tha t  hya luronan overproduc t ion a l lows p las t ic  cancer  ce l l  popula t ions to  rever t  to  
s tem-ce l l  s ta tes  via  Twis t  and the TGF-β -Sna i l  s igna l ing ax is .  
Like  many o ther  s tem ce l ls ,  CSCs  predominantly re ly on g lyco lys is  ra ther  than 
mi tochondr ia l  ox idat ive  phosphoryla t ion  for  surviva l .  However ,  l i t t l e  is  known on 
how metabol ic  reprogramming  in  CSCs is  cont rol led  to  o rches t ra te  the i r  s tem 
ce l l - l ike  p roper t ies .  In  Chapter  I I ,  metabolomic approaches c lea r ly d isc losed a  
metabo l ic  shi f t  toward  aerob ic  g lyco lys is  and accele ra t ion of  hexosamine  
b iosyn thet ic  pa thway (HBP) f lux in  hya luronan-overproduc ing  breas t  cancer  ce l l s .  A 
h igh  HBP f lux ach ieved  by fo rced  express ion  of  g lu tamine :f ruc tose-6-phosphate  
amidotransfe rase-1 (GFAT-1) resembled tha t  caused by HA overproduc t ion wi th  
regard  to  HIF-1α s tab i l i ty and g lyco lyt ic  p rogram.  Converse ly,  inh ib i t ion of  GFAT-1 
s ign i f ican t ly decreased HIF-1α s tab i l i ty in  HA -overproduc ing cancer  ce l l s .  
Pharmacolog ica l  inhibi t ion  of  HIF-1α abroga ted HA -dependent  aerob ic  g lyco lys is  
and  marked ly reduced the CSC subpopula t ion.  These  data  p rovide  def in i t ive  evidence 
tha t  HA overproduc t ion  dr ives  aerob ic  g lyco lys is  via  HBP -coupled  HIF-1  s igna l ing  to  
evoke  the  metabo l ic  responses  requ ired  fo r  CSC propaga t ion  and  offe r  nove l  ins igh ts  
in to  the  metabo l ic  networks govern ing  cancer  ce l l  s temness.  
The resu l t s  of  th is  thes is  ind ica te  tha t  HA overproduc t ion modula ted  CSCs 
se l f -renewal  via  Twist  and TGF-β -Sna i l  s igna l ing pa thway.  Alterna t ive ly,  i t  a lso  
regu la ted CSCs main tenance  th rough the swi tch  o f  metabo l ic  pa thway to  ae rob ic  
g lyco lys is  and  acce le rates  HBP f lux .  A more  comple te  unders tand ing  of  the  
mechanisms  con tro l l ing how HA mediate  the  s temness of  CSCs wi l l  be  c ruc ia l  to  
p rovides new oppor tun i t ies  fo r  therapeu t ic  in terven t ion which improve the  ou tcome 
of  cancer  pa t ien ts .  in terven t ion  which improve  the  ou tcome of  cancer  pa t ien ts .  
  






マウスと対照マウスに発生した乳癌から乳癌細胞を樹立し、細胞表面におけるCD44 と CD24 の発
現を指標に、がん幹細胞の割合をフローサイトメトリー解析により測定した。その結果、ヒアル
ロン酸を過剰産生する乳癌では、対照に比して CD44high/CD24lowがん幹細胞様細胞が増幅している
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尚、本論文に関する内容は、国際専門雑誌である Journal of Biological Chemistry, 289: 
26038-26056, 2014.に掲載され、当該学位申請者は、この内容で第 24 回日本がん転移学会学
術集会において優秀ポスター賞の受賞している。 
  
